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, ( ) .
$U$ maximum velocity of inflow $St_{x}$ $=fx/U$ Strouhal number
$E$ $=h_{2}/h_{1}$ expansion ratio $Re$ $=Uh/\nu$ Reynolds number
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22.1
$\bullet$ x7’ E
$-E<2$ , $x_{r}$ $h$ .
$-E>2$ , upper recirculation , $x_{r}$ .
(Ref Barton $(’ 94)$ )
$\bullet$
$x_{r}$ $Re$
-(E ) $x_{r}$ $Re$ .
$-x_{T}$ $Re\sim 4\mathrm{o}\mathrm{o}$ , .
$-Re>3\mathrm{o}\mathrm{o}$ upper recirculation .
$-Re>750$ second lower recirculation .
(Ref. Armaly et al. $(’ 83)$ , Thangam &Knoght $(’ 90)$ )
$\bullet$ xr
-
(Ref Kaiktsis et al. $(’ 91)$ )
$\bullet$
$x_{r}$
$-Re$ , $x_{r}$ .






(Ref Kaiktsis et al. $(’ 91)$ , Gresho et al. $(’ 93)$ , Ossmald et al. $(’ 83)$ ,
Kim & Moin $(’ 85)$ , et al. $(’ 97)$ , Sethien&Ghonem $(’ 88))$
$\bullet$ $Re$ :
$-Re<400$ , $x_{r}\propto Re^{0.75}$ .
$-Re\sim 500$ , .
$-Re\sim 6\mathrm{o}\mathrm{o}$ , second bifurcation .









$\bullet$ $Re$ : \rightarrow (Re=900)\rightarrow \rightarrow (Re $=5000$) $arrow$
$-Re=300\sim 5000$ , upper recirculation .
- ,
.
$-Re=900\sim 1800$ , second lower recirculation , $x_{r}$
.




(Ref. Armaly et al. . $(’ 83)$ , Denham & Patrick $(’ 74)$ , Brederode &
Bradshaw $(’ 72)$ , Moss et al. $(’ 79)$ , Durst &Tropea $(’ 81)$ , Karniadakis
et al. $(’ 89)$ , Osswald et al. $(’ 83)$ , Patera $(’ 8.4)$ , Kim & Moin $(’ 85)$ ,
Sethian&Ghoniem $(’ 88)$ , Ku et al. $(’ 89)$ , Armaly et al. $(’ 83)$ , Durst
&Tropea $(’ 81)$ , Sinha et al. $(’ 81))$
$\bullet$ x, E
(Ref Brederode & Bradshow $(’ 72)$ , Moss et al. $(’ 79)$ , Kuehn(’80),
Durst & Tropea $(’ 81)$ , Ot\"ugen $(’ 91)$ Ra & Chang $(’ 90))$
$\bullet$ :
$-$ separation zone , .
.
(Ref. Armaly et al. $(’ 83)$ , Kaikisis et al. $(’ 91)$ , Jovic&Driver $(’ 94)$ ,
$(’ 97)$ , Hasan $(’ 92)$ , Bradshow &Wong $(’ 72))$
$\bullet$ universal log-law
- $x\sim 20h$ , universal log-law ,
.
(Ref Le et al. $(’ 97)$ , Nagano et al. $(’ 91)$ , Driver $(’ 91)$ , (Bradshaw
&Wang $(’ 72)$ , Kim et al. $(’ 78)$ , Westphal et al. $(’ 84)$ , Adams et al.
$(’ 84))$
$\bullet$ recirculation skin friction
$-|C_{f}|$ $Re$ . $|C_{f},u_{N}|=4.5Re_{N}^{-0.92}$ .
(Ref. Le et al. $(’ 97)$ , Eaton& Johnston $(’ 80)$ , Westphal et al. $(’ 84)$ ,
Adams & Johnston $(’ 85)$ , Driver&Seegmiller $(’ 85))$
$\bullet$ turbulent kinetic energy budget
- $(x=-2h)$ , zero-pressure gradient turbulent boudary
layer .
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$-$ recirculation region , plane mixing layer t .
$-$ $(_{x=7h})$ , production velocity-pressure gradient
wall region .
(Ref. Le et al. $(’ 97)$ , Net et al. $(’ 93)$ , Chandrsuda&Bradshow $(’ 81)$ )
$(x,)$ ... T-S , shear layer mode, step mode
(Ref. Hasan $(’ 92)$ , Bradshow &Wong $(’ 72)$ , Le et al. $(’ 97)$ , Jovic &
Driver $(’ 94)$ , Eaton & Johnston $(’ 80)$ , Neto et al. $(’ 93)$ , Friedrich &
Arnal $(’ 90)$ , Driver et al. (’83,’87), Le & Moin $(’ 94))$
$\bullet$ ... T-S
-fl $f_{2}$ , $x_{T}$ .
(Ref. Kaikisis et al. $(’ 91)$ , Hasan $(’ 92)$ )
$\bullet$
- , $x_{r}$ .




-Prandtl-Batchelor model, Childress model
- O’Malley et al. model, composite model
(Ref O’Malley et al. $(’ 91)$ , Childress $(’ 66)$ , Riley $(’ 88)$ , Sadovskii
$(’ 71)$ , Moore et al. $(’ 88))$
$\bullet$
$K-\epsilon$ , RNG, SGS-model, Reynolds stress, ...
(Ref. Neto et al. $(’ 93)$ , Zhou et al. $(’ 94)$ ), Rubinstein&Barton $(’ 90)$ ,




, ( ) ,
. .
$\bullet$ , $Re$
(recirculation , bifurcation) .
$\bullet$ , 3 $=\mathrm{L}$
.
$\bullet$ O’Malley et al. model Moore et al. .
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